Every day, millions of people are transported by buses, trains, and airplanes in Germany. Public transit (PT) is of major importance for the quality of life of individuals as well as the productivity of entire regions. Quality and efficiency of PT systems depend on the political framework (state-run, market oriented) and the suitability of the infrastructure (railway tracks, airport locations), the existing level of service (timetable, flight schedule), the use of adequate technologies (information, control, and booking systems), and the best possible deployment of equipment and resources (energy, vehicles, crews). The decision, planning, and optimization problems arising in this context are often gigantic and "scream" for mathematical support because of their complexity.
R. Borndörfer et al.
For some PT problems, such as vehicle and crew scheduling in bus and air traffic, excellent mathematical tools are not only available, but used in many places. In other areas, such as rolling stock rostering in rail traffic, the performance of the existing mathematical algorithms is not yet sufficient. Some topics are essentially untouched from a mathematical point of view; e.g., there are (except for air traffic) no network design or fare planning models of practical relevance. PT infrastructure construction is essentially devoid of mathematics, even though enormous capital investments are made in this area. These problems lead to questions that can only be tackled by engineers, economists, politicians, and mathematicians in a joint effort.
Among other things, the authors propose to investigate two specific topics, which can be addressed at short notice, are of fundamental importance not only for the area of traffic planning, should lead to a significant improvement in the collaboration of all involved parties, and, if successful, will be of real value for companies and customers:
• discrete optimal control: real-time re-planning of traffic systems in case of disruptions, • model integration: service design in bus and rail traffic.
Work on these topics in interdisciplinary research projects could be funded by the German ministry of research and education (BMBF), the German ministry of economics (BMWi), or the German science foundation (DFG).
Success Stories
What good is mathematics in public transit? Three examples elucidate the benefits of mathematics for the customer, the planner, and the stakeholder.
Electronic Trip Planners
Thumbing through thick timetables and railway guides in order to determine the best connection in a bus, railway, or flight network is a matter of the past. Today, bus companies, railways, and airlines offer electronic trip planners, which provide this information via the Internet or via mobile phones in a comfortable and fast way, always up-to-date, and at no charge. To make this service work, correct and comprehensive data is needed first and foremost. The "intelligence" to utilize this data is provided by mathematics: good methods to compute shortest paths in networks. 1 Appropriate algorithms for this problem are know since the nineteenfifties [17] . Their use in customer-friendly systems became a reality because of the rapid progress in information technology in recent years.
